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8.1 INTRODUCTION 
 
Heavy metals are the elements found in periodic table that exhibits metallic properties 
and characterised by 5 g/cm3 of density [1]. Heavy metals are contaminants from 
inorganic source that tend to pollute the ecosystem due to anthropogenic activities like 
mining, welding, semiconductors and electrical appliances manufacturing industries. 
Heavy metals can be broken down or metabolised. The presence of heavy metals without 
any proper management can bring negative effects to human and ecosystem.  
  
However, living organisms do require several types of metals such as zinc, iron, copper, 
lead, nickel and magnesium at trace amount for metabolic function purposes. If the 
presence of these metals in large amount without any controlled, it can cause serious 
health disorders if ingested at exceeded concentration limits. Other than that, 
nonessential metals such as mercury, nickel, cadmium and arsenic also can bring 
irreversible damage to human body even at trace concentration. The effects of these 
nonessential metals including brain damage, blood circulation damage, carcinogen and 
nervous system damage [1]. Many methods have been proposed to remove heavy metals 
from wastewater such as adsorption, coagulation and flocculation, ion-exchange 
membrane filtration and chemical precipitation. 
 
 
 
 
 
8.2 HEAVY METALS 
 
Heavy metal is a metallic elements that have a relatively high density (> 4 g/cm3) 
compared to the water [2]. Heavy metal also natural components of the Earth’s crust and 
cannot be degraded or destroyed [3]. Example of heavy metals are lead (Pb), cadmium 
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(Cd), nickel (Ni), cobalt (Co), zinc (Zn), chromium (Cr), Iron (Fe), arsenic (As) and 
silver (Ag).  
 
 
8.2.1 NICKEL 
 
Nickel is the fifth common element on earth after iron, oxygen, silicon and magnesium. 
It is silvery-white, hard, malleable, ductile metal. This metal has widespread distribution 
in the environment, as there are almost 100 minerals of which it is an essential 
constituent and which have many industrial and commercial uses [4]. Most nickel 
compounds are blue or green in colour. The major used of nickel is for the preparation of 
alloys. It also applied in producing rechargeable batteries, stainless steel, electroplating, 
catalysts and other chemicals, coinage, foundry products, and plating. Nickel is easy to 
work and can be drawn into wire and resist corrosion even at high temperatures and for 
this reason, it is used in gas turbines and rocket engines.  
 
Up to the present, the use of nickel are growing up due to rapid industrialisation in 
Malaysia, and chances of discharging contaminated effluent which contained hazardous 
and toxic element such as nickel has increased. This resulting discharged contaminated 
effluent into the stream. Thus, in order to protect the environment, Malaysia’s 
environmental law has set acceptable conditions for discharge of industrial effluent for 
mixed effluent of Standard A and B  for Nickel are 0.20 mg/L and 1 mg/L. 
 
 
8.2.2 COPPER 
 
Copper is a reddish-gold metal. It is used widely in domestic and industrial application 
such as circuit board manufacturing, electronic plating, wire drawing and paint 
manufacturing [5].  Besides, it is an essential element because an adult human needs 
around 1.2 milligrams of copper a day, to help enzymes boost energy in cells. However, 
excessive ingestion of copper can consequence in adverse health effects. For example, 
reduce the lining of the inner nose, damage the respiratory system, vomiting, headache, 
liver and kidney damage as well as abdominal pain [6]. Copper is widely used due to 
growing in activities in Malaysia. Therefore, in order to protect the environment, 
Malaysia’s environmental law has set its permissible limits of copper as 0.2 mg/L for 
standard A and 1.0 mg/L for standard B in industrial effluents. 
 
 
8.2.3  LEAD  
 
Lead is a soft, grey, lustrous metal with a high density and low melting point. It has a 
significant role in many industries because it is ductile and easily shaped. For example of 
sectors and products are batteries, petrol additives, chemical compounds, pigments, and 
cables [7]. Accordingly, lead can find a pathway to human beings through drinking 
water from old lead piping and from illegal discharging of industrial wastewater of high 
concentrations into surface fresh water, food, air, soil, dust and over ingestion of lead 
and long term exposure can tend to severe impacts especially on infants [3]. It may cause 
problems in the synthesis of haemoglobin, effects on the kidney, gastrointestinal tract, 
joints and reproductive system, and acute or chronic damage to the nervous system.  
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Due to increase of using lead in many industries in Malaysia, the of discharging 
contaminated effluent which contained hazardous element such as lead has increased. 
Therefore, Environmental Quality (Industrial Effluents) Regulations 2009 has emphasise 
the acceptable conditions for discharge of industrial effluent for mixed effluent of 
standards A and B for lead are 0.10 mg/L and 0.5 mg/L. 
 
 
8.3 TECHNOLOGIES FOR HEAVY METALS REMOVAL 
 
The dangers and adverse effects of having heavy metals in the food chain and entering 
our body are well highlighted in the above sections of the thesis. Therefore, it becomes 
extremely essential in finding ways treating and removing as much heavy metals as 
possible from the wastewater before releasing it to the environment such as surface 
runoff. Due to the development of stricter laws and legislation in wastewater treatment 
and disposal over the last decades, heavy metals have become priority environmental 
pollutants. Thus, the treatment technologies for removing heavy metals from wastewater 
is play an important part. There are several current technologies and methods in 
removing heavy metals used are described below. Table 3.1 shows the summary of 
heavy metals removal methods. 
 
 
8.3.1 ION EXCHANGE 
 
Ion exchange is a simple method where exchange of ions can occur in either synthetics 
or naturally if metals present in the wastewater. Synthetic ion exchanger is much 
preferred because it is able in uptake the majority of targeted metal ions from the 
solution rather than natural [8]. When metal contaminated solution is passed through ion 
exchangers which are insoluble solid substances the positive charged, possibly toxic 
metal cations affecting the purity of the water such as of zinc, nickel and copper ion are 
exchanged with the positive charged ions from the resins such as hydrogen and sodium 
ions in equivalent amount in the solution. While, hydroxyl and chloride ions which are 
unwanted negatively charged is replaced by sulphate, nitrate and chromate ions present 
in the wastewater solution released from the resins.  Resins mean solid or highly viscous 
substance. The advantages of ion exchange are high ranks in heavy metals removal 
methods and removal efficiency to cost effectiveness and convenient operations. But the 
disadvantage is, it only applicable in treating low concentrations heavy metals and low 
flow rate. 
 
 
8.3.2 REVERSE OSMOSIS 
 
Reverse osmosis (RO) is a separation process where pressure is needed to force the 
solution pass through the membrane that retains the solute on one side while allows the 
pure solvent to pass to the other side [9]. In reverse osmosis, the movement of solution is 
from the low solute concentration to high solute concentration through membrane when 
there is no external pressure applied. The membrane is semipermeable where it allows 
the solvent but not of solute to pass through and the structure of membrane have a dense 
barrier layer in the polymer matrix where most separation occurs. In most cases the 
membrane is designed to allow only water to pass through this dense layer while 
preventing the passage of solute such as salt ions [10]. This process requires a high 
pressure be applied and exerted on the high concentration side of the membrane [9]. 
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8.3.3 ION FLOATATION 
 
 
Ion flotation is one of an alternative method to remove heavy metal ions from waste 
waters. Floatation means a gravity separation process that originated from processing of 
minerals. The process of ion flotation is involved imparting the ionic metal species in 
waste waters hydrophobic by using surfactants and subsequent removal of these 
hydrophobic species by air bubbles [8]. The advantages of flotation is a useful and 
effective separation method of metal-loaded biomass, producing efficient removals, 
usually over 95% [11]. 
 
 
8.3.4 CHEMICAL PRECIPITATION 
 
Chemical precipitation is conventional method where chemical precipitation produce 
insoluble precipitates of heavy metals such as hydroxide, carbonate, sulphite and 
phosphate. When react the dissolved metals in the solution and precipitant the insoluble 
metals precipitation is occurred. This is the main mechanism of chemical precipitation. 
In precipitation process, very fine particles are generated and chemical precipitants, 
coagulants, and flocculation processes are used to increase their particle size to remove 
them as sludge so that the metals precipitate and form solids. Thus, it easier be removed 
and low metal concentrations can be discharged. To achieve maximum percentage of 
heavy metals concentration removal changing major parameters such as pH, temperature 
initial concentration and charge of the ions one of the factors. Chemical precipitation is 
easy to handle, ease operation and simple methods [12].  
 
 
8.3.5 COAGULANT AND FLOCCULATION 
 
The mechanism used in coagulation and flocculation is based on zeta potential (ζ) 
measurement where it is as the criteria to define the electrostatic interaction between 
pollutants and coagulant-flocculant agents [13]. Coagulation process is to reduce the net 
surface of charge of colloidal particles so it can stabilise by electrostatic repulsion 
process while flocculation process is continually increases the size of particle to discrete 
particles through additional collisions and interaction with inorganic polymers formed 
by the organic polymers added. When the size of discrete particles are flocculated 
increases, it can be removed or separated by filtration, straining or floatation [14]. This 
method is simple and non-metals selective but it is high cost, high consumption of 
coagulant and excessive production of sludge.  
 
 
8.3.6 ADSORPTION 
   
Adsorption is an exothermic reaction where heat is released through the movement of 
adhering process [15] and it is a mass transfer process and substances bound either 
physical or chemical interaction to solid surface. Physical adsorption involved Van der 
Waals’ forces which is similar the condensation of gases to liquids, depends on the 
physical and causes attraction between the solid adsorbent and the adsorbate molecules. 
This type of adsorption is very weak compared to chemical adsorption because there is 
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no chemical specificity in physical adsorption, any gas tends to be adsorbed on any solid 
if the condition of temperature is sufficiently low or the pressure of the gas is high and 
no sharing of electrons is occurring. In addition, physical adsorption is a reversible 
reaction [16].  
 
On the other hand, chemical adsorption is irreversible reaction. It has greater forces of 
attraction because it has chemical bond forces [17]. Chemical adsorption occurs usually 
at higher temperatures than those at which physical adsorption occurs. In addition, heat 
of adsorption in chemical adsorption is four times greater than physical adsorption [15]. 
Since chemical adsorption is a highly specific process, the adsorbate can only adhere to 
specific site on the adsorbent’s surface. Adsorption capacity of chemical adsorption is 
much lower compared to physical adsorption because only mono-layer can be formed on 
the adsorbent’s surface [18]. Among all of these available treatment methods, many 
researches are proven that adsorption is an effective and efficient for the treatment of 
wastewater with heavy metals [1, 19, 20]. 
 
Table 8.1 Summary of heavy metals removal methods. 
 
 
8.4 CONCLUSION 
 
Although many methods can be employed for the treatment of wastewater laden with 
heavy metals, it is important to note that the selection of the most suitable treatment for 
metal-contaminated wastewater depends on some basic parameters such as pH, initial 
metal concentration, the overall treatment performance compared to other technologies, 
Method  Advantages  Disadvantages  References  
Adsorption   Simple operation 
 Cost effective 
 High quality 
 Reversible process 
 Disposal problems  
 
[6, 8] 
Ion exchange   Metal selective 
 Fast kinetics 
 High treatment capacity  
 High cost 
 Low flow rate 
 Elevated  
[21] 
Coagulation 
and 
flocculation 
 Simple process 
 Non-metals selective  
 
 High cost 
 High consumption 
of coagulant 
 Excessive 
production of 
sludge 
[13] 
Chemical 
precipitation  
 Simple process 
 High degree selective  
 Inexpensive  
 Large sludge 
production 
 Slow metal 
precipitation 
[5] 
Reverse 
osmosis 
 Simple operation 
 Can remove bacteria 
 High pressure [9] 
Ion floatation   Effective separation 
method of metal-loaded 
biomass. 
 Efficient removals, 95%  
 - [11] 
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environmental impact as well as economics parameter such as the capital investment and 
operational costs. Finally, technical applicability, plant simplicity and cost-effectiveness 
are the key factors that play major roles in the selection of the most suitable treatment 
system for inorganic effluent. All the factors mentioned above should be taken into 
consideration in selecting the most effective and inexpensive treatment in order to 
protect the environment. 
 
 
REFERENCES  
 
[1]  Barakat, M. A. (2011). New trends in removing heavy metals from industrial 
wastewater. Arabian Journal of Chemistry, 4(4), 361-377.  
[2]   Tchounwou, P. B., Yedjou, C. G., Patlolla, A. K., & Sutton, D. J. (2012). Heavy 
metal toxicity and the environment. In Molecular, clinical and environmental 
toxicology, pp. 133-164. Springer, Basel. 
[3] Lenntech Water Treatment and Air Purification (2004). Water Treatment, 
Published by Lenntech, Rotterdamseweg, Netherlands 
(www.excelwater.com/thp/filters/Water-Purification.htm)  
[4] Cempel, M., & Nikel, G. (2006). Nickel: A review of its sources and 
environmental toxicology. Polish Journal of Environmental Studies, 15(3).  
[5] Farooq, U., Kozinski, J. A., Khan, M. A., & Athar, M. (2010). Biosorption of 
heavy metal ions using wheat based biosorbents–A review of the recent 
literature. Bioresource technology, 101(14), 5043-5053. 
[6] Amin, B.A., 2010. Simultaneous removal of copper and lead from an aqueous 
solution 
using low-cost adsorbents. Universiti Malaysia Pahang. 
[7] National Mining Association, 2009. Most requested statistics – US coal industry. 
Washington, DC. <http://www.nma.org/pdf/c_most_requested.pdf>. 
[8] Fu, F., & Wang, Q. (2011). Removal of heavy metal ions from wastewaters: A 
review. Journal of Environmental Management, 92(3), 407–418. 
[9] Bakalár, T., Búgel, M., & Gajdošová, L. (2009). Heavy metal removal using 
reverse osmosis. Acta Montanistica Slovaca, 14(3), 250–253. 
[10] Gunatilake, S. K. (2015). Methods of Removing Heavy Metals from Industrial 
Wastewater. Journal of Multidisciplinary Engineering Science Studies, 1(1), 12–
18. 
[11] Matis, K. A., Zouboulis, A. I., & Lazaridis, N. K. (2003). Heavy metals removal 
by biosorption and flotation. Water, Air, and Soil Pollution: Focus, 3(3), 143–
151. 
[12] Fenglian, F. (2010). Research Progress of Physico-chemical Treatment 
Techniques for Heavy Metal Wastewater [J]. Guangdong Chemical Industry, 4, 
062. 
[13] López-Maldonado, E. A., Oropeza-Guzman, M. T., Jurado-Baizaval, J. L., & 
Ochoa-Terán, A. (2014). Coagulation-flocculation mechanisms in wastewater 
treatment plants through zeta potential measurements. Journal of Hazardous 
Materials, 279, 1–10. 
[14] Gunatilake, S. K. (2015). Methods of Removing Heavy Metals from Industrial 
Wastewater. Journal of Multidisciplinary Engineering Science Studies, 1(1), 12–
18. 
[15]  Mihaly, P., 2011. Air pollution control: Adsorption. [Online] Available at: 
<https://www.ara.bme.hu/oktatas/tantargy/NEPTUN/BMEGEATAG04/ENGLIS
H_course/2011-2012-I/ea_lecture/BMEGE%C1TAG04_part12_Adsorption.pdf> 
                                         Sustainable Environmental Technology: Volume 1    2018 
ISBN 
 
 
 
85 
 
[Accessed 23 July 2018]. 
[16] Alley, E. R. (2007). Water quality control handbook (Vol. 2). New York: 
McGraw-Hill. 
[17] Nageeb, R., 2013. Adsorption Technique for the Removal of Organic Pollutants 
from 
Water and Wastewater, Organic Pollutants-Monitoring, Risk and Treatment. 
[Online] 
Available at: http://www.intechopen.com/books/organic-pollutants-monitoring-
riskand-treatment/adsorption-technique-for-the-removal-of-organic-pollutants-
fromwater-and-wastewater [Accessed 23 July 2018]. 
[18] Kamali, M. A. (2010). Removal of Heavy Metal from Industrial Wastewater 
Using Ultrasonic Assisted by Tea Waste as Adsorbent (Doctoral dissertation, 
UMP). 
[19] Chen, T., Zhou, Z., Han, R., Meng, R., Wang, H. and Lu, W., 2015. Adsorption 
of 
cadmium by biochar derived from municipal sewage sludge: Impact factors and 
adsorption mechanism. Journal of Chemosphere, 134, pp. 286-293. 
[20]  Luo, X., Zhang, Z., Zhou, P., Liu, Y., Ma, G. and Lei, Z., 2015. Synergic 
adsorption of 
acid blue 80 and heavy metal ions (Cu2+/Ni2+) onto activated carbon and its 
mechanisms. Journal of Industrial and Engineering Chemistry, 27, pp. 164-174. 
[21] Hamdaoui, O. (2009). Removal of copper (II) from aqueous phase by Purolite 
C100-MB cation exchange resin in fixed bed columns: Modeling. Journal of 
hazardous materials, 161(2-3), 737-746. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
